D espite decades of clinical research and concentrated public health efforts, tobacco use remains the leading cause of preventable death in the United States, accounting for approximately $157 billion annually in health-related costs. 1 Although nicotine replacement therapy and non-nicotine medications such as bupropion are effective treatments for tobacco dependence, there is significant individual variability in treatment outcome 2 and little empirical data to guide individualized treatment. 3 Research in genetics has the potential to provide an empirical foundation for the tailoring of pharmacological treatment for individuals with tobacco dependence. 4 Data from twin studies have firmly established that inherited factors account for about 50% of the variability in smoking initiation and about 70% of the variance in liability to nicotine dependence. [5] [6] [7] [8] Although the identification of specific genetic variants has proved to be a daunting task, 9 there is initial evidence for the role of polymorphisms in nicotine-metabolizing enzymes, 10 as well as genes important in the regulation of dopamine and serotonin, two neurotransmitters important in reward and mood regulation. [11] [12] [13] [14] [15] [16] Building upon genetic association studies of smoking status, pharmacogenetic investigations are identifying genetic polymorphisms that predict response to different medications for tobacco dependence treatment. 17, 18 The basic premise of this approach is that inherited differences in drug metabolism and drug targets have important effects on treatment toxicity and efficacy. 19, 20 The clinical value of this information is thus potentially far reaching, as treatment approaches could be tailored to genotype in order to minimize toxicity and improve outcomes for individual patients. 21 Research into the genetic basis of nicotine dependence and response to pharmacologic treatment is in the early stages. Although the variants that putatively increase susceptibility to nicotine dependence are relatively common (e.g., approximately 35% of smokers carry at least 1 DRD2 Taq1 A1 allele 11 ), the effects of individual genes on predisposition to smoking are quite small and the results of these studies have not been replicated consistently (see Lerman and Berrettini, 2003 9 for a review). Nonetheless, the pace of scientific discovery in genetics and genomics threatens to outstrip our knowledge of factors affecting successful translation of research into clinical practice. 22, 23 As a result of advances in molecular neurobiology and genomics, genetically tailored tobacco dependence treatment may emerge as one of the first major areas in which primary care physicians confront genetic testing for tailoring pharmacotherapeutic choices for a common health problem. Given the potential importance and revolutionary nature of genetically tailored treatments, it is important to ascertain in advance what challenges might be involved in clinical integration whether specific barriers to their adoption may exist that do not pertain to other nongenetic technologies. 24 This article attempts to explore this question.
physicians' reports of the likelihood that they would adopt a new genetic test to match patients who smoke to optimal treatment, compared with a new, nongenetic (protein) test designed for the same purpose. We hypothesized that primary care physicians would be less likely to adopt a new genetic test to tailor treatment compared to a nongenetic test. We further hypothesized that physicians with a personal history of smoking would be more sensitive to the difficulty of quitting, and thus more open to novel treatment modalities.
METHODS

Sample Selection
The study sample of 2,000 primary care physicians was randomly drawn from all U.S. primary care physicians in the American Medical Association (AMA) Masterfile with a primary specialty of internal medicine, family practice, or general practice, through one of its authorized vendors (Synavant, Fairhaven, NJ; 2002). While there were significant differences between the population and sample figures for internal medicine and family practice, based on one-sample t tests of these proportions (Table 1 ), these differences were within the range of sampling variation. Our respondents also included significantly fewer younger physicians (age 27-44) and women relative to national estimates.
Survey Design and Administration
Development of the survey instrument was informed by 5 focus groups with primary care physicians in Washington, DC and Chicago, Illinois, 20 semistructured interviews with primary care physicians, comments from key physician organizations and tobacco experts, and a review of the literature. Focus groups were used to develop credible scenarios and identify key concerns physicians may have about offering a new genetic test to their patients who smoke. Given that this study seeks to identify and anticipate issues likely to arise in translating new genetic research into clinical practice, rather than assess adoption of an already available test, we relied on realistic scenarios, based on published genetic data, to measure physicians' anticipated behavior. Previous research has demonstrated that physician responses to patient scenarios or vignettes are closely associated with actual physician practice, [25] [26] [27] with one study finding vignette scores to closely reflect standardized patient visits (the gold standard) and more accurately reflect physician behavior than chart abstraction. 27 To address our primary research question regarding the effect on physician adoption of describing a new test as genetic versus nongenetic, physicians were randomly assigned to receive a survey including a scenario in which the new test was presented as a ''genetic test'' or one in which the new test was presented as a ''serum protein test.'' All other elements in the scenario were identical. The survey also addressed physicians' knowledge, training, and attitudes with respect to clinical genetics, smoking treatment practices, and other physician characteristics.
The draft instrument was further refined in response to comments from representatives of the American Academy of Family Physicians and American College of Physicians-American Society of Internal Medicine. The final survey instrument was pretested by senior staff from the Center for Survey Research at the University of Massachusetts-Boston (UMASSBoston) for ease of understanding and accuracy of response through semistructured, cognitive interviews with 20 primary care physicians. The final 39-item questionnaire was designed to take approximately 20 minutes to complete.
Data collection was conducted between May and November 2002. Survey participants were provided 20 dollars in cash with the mailing to compensate for their time to complete the survey. 28, 29 Nonrespondents were sent a reminder postcard approximately 10 to 14 days and follow-up calls commencing 17 to 20 days after the initial mailing. This protocol was approved by the Institutional Review Boards of Georgetown University and UMASS-Boston. Given our interest in surveying the attitudes of primary care physicians engaged primarily in clinical practice, we required respondents to practice a minimum of 20 hours per week in direct patient care. The final response rate, adjusted for ineligible cases, was 62.3%. We calculated the number of ineligible respondents based upon information from respondents who returned the survey and estimates of ineligibility rates among nonrespondents. Among ineligible respondents, 182 physicians were in clinical practice fewer than 20 hours/ week, 11 practiced in a non-primary care specialty, and 8 had retired.
Sample Weights
Because the respondents represented a simple random sample of physicians practicing in primary care specialties, we did not need to weight the sample to account for differential probabilities of selection. However, we considered 2 weighting adjustments to enhance the representativeness of our final study population. First, to adjust for differences in response rates across specialties (65.9% for family practice, 66.1% for general practice, and 57.1% for internal medicine), we calculated a nonresponse weight equal to the inverse of the response rate for each specialty, to be applied in our analysis. Second, to account for the slight differences in the distribution of primary care specialties in our study population relative to the AMA universe (Table 1) , we calculated a poststratification weight that adjusts the cases in each specialty to match the ''true'' proportion in the universe. Using a combined nonresponseadjusted, post-stratification weight had no impact on the results of the data analysis. Results from the weighted analysis are reported.
Measures and Variables
Likelihood of Offering a New Test to Tailor Smoking Treatment. The outcome variable measured physicians' self-reported likelihood of offering a new test to match patients to optimal smoking cessation treatment. Following a scenario ( Fig. 1) describing characteristics of a new test useful for matching patients to optimal nicotine replacement therapy and presenting a short description of the patient, physicians were asked to score (on a scale of 0 to 100) the likelihood that they would offer the test described in the scenario to the patient (''How likely would you be to offer the new test to this patient?''). Physicians were randomly assigned to receive a survey with scenarios that presented the new test as either a ''genetic'' test or a ''serum protein'' test.
Received ''Genetic Test'' Scenario. The primary independent variable of interest was a binary variable indicating whether respondents were in the study group that completed the genetic or nongenetic version of the scenario (genetic test scenario =1).
Additional Variables. Several factors were considered as control variables in the analysis. Physician characteristics included age, gender, region in which a physician practiced, primary specialty, self-identified race/ethnicity, year of graduation from medical school, whether the physician had a full-time medical school faculty appointment, personal smoking history, and training in clinical genetics.
Our assessment of physicians' personal smoking history was based on 2 questions, namely, ''Do you currently smoke cigarettes?'' and ''Have you ever smoked cigarettes daily?'' Given our interest in identifying physicians with personal experience with smoking and difficulties in trying to quit, we identified physicians with a personal history of smoking-either currently or formerly-as having ''ever smoked.' ' We assessed physicians' knowledge of the most current smoking treatment guidelines and level of focus on smoking treatment through an aggregate variable constructed from several smoking practice questions. Physicians who ''always'' or ''often'' prescribe the nicotine patch, gum, or bupropion for patients wishing to quit smoking were coded as 1. Similarly, we identified those physicians who ''always'' or ''often'' refer their patients who smoke to a formal smoking cessation program or smoking expert.
Physicians' practice setting was controlled for by identifying those physicians in independent practices, as opposed to those practicing in a health maintenance organization, hospital-based practice, community health center, or other setting. Size and geographic location of a physician's practice was also determined. Urban/rural locations were based on mapping practice zip codes to Metropolitan Statistical Areas designated in the Area Resource File. 30 We assessed physicians' attitudes toward new technologies and treatments. Physicians who said they ''tended to offer new diagnostic tests before most of their peers'' were identified as early adopters. Optimism about clinical genetics was determined by asking physicians, ''How optimistic are you that genetic research will lead to significant improvements in the treatment of complex traits such as smoking behavior?'' (very optimistic, somewhat optimistic, only a little optimistic, or not at all optimistic; 1 =very optimistic). Familiarity with research on the role of genetics in smoking behavior was assessed using an empirical question: ''How much of individual variation in smoking behavior do you think is determined by: 1) genetic factors? and 2) social, environmental, or other factors?'' ReAssume new smoking cessation research demonstrates to your satisfaction that:
• among individuals who express a particular [protein/genotype], the nicotine nasal spray yields a clinically meaningful improvement in smoking quit rates over the nicotine patch, Assume further that you have a patient who:
• is a 35-year-old African-American female,
• smokes 1 pack of cigarettes per day,
• wants to quit smoking,
• has tried to quit smoking on her own several times and failed,
• has no known smoking-related illnesses, and Tables 1 and 2 , tested model assumptions regarding linearity and normality of the data, and assessed correlation among independent variables. Our dependent variable was not normally distributed. Transforming the dependent variable using Logit transformation and the Box-Cox transformation improved normality assumptions, but produced very similar results. We therefore present the linear regression results for ease of interpretation and convenience with respect to calculating regression-adjusted means and corresponding standard errors. Our final model included gender, race/ethnicity, year of graduation from medical school, appointment to a medical school faculty, having ever smoked, smoking treatment practices, practice setting, being an early adopter of new technologies, level of optimism about the promise of genetic research, beliefs regarding the genetic contribution to smoking behavior, and preparedness to counsel patients considering genetic testing.
We then calculated regression-adjusted means for all variables in the model, with all analyses adjusted as described above. We used SAS version 8.2 (SAS Institute, Cary, NC) to construct the analytic file and conduct all analyses. Descriptive analyses included all respondents, but may not always be based on the same number of respondents due to a small number of missing observations. For all variables, there were fewer than 2.7% missing observations. Only those respondents for whom there were complete data (92.1%) were included in the regression analysis (N =1,031).
RESULTS
Characteristics of Respondents
Physician Characteristics. The final study population included 1,120 physicians. Bivariate analyses revealed no significant differences between physicians who received the ''genetic'' scenario compared with those who received the nongenetic scenario on any variable. As shown in Tables 1 and 2 , the majority of our study population was age 45 to 64, male, and white, with a fairly even distribution across regions of the country. Approximately 16% of respondents graduated from medical school in 1990 or more recently, and fewer than 10% had a full-time faculty appointment in a medical school. Approximately 22% of respondents were current or former smokers.
Primary Care Physicians' Training in Clinical Genetics. More than 75% of respondents reported having had some formal training in clinical genetics, with most having received training in medical school (57%) or continuing medical education courses (47%). Only 4% had a genetics rotation in residency; fewer than 16% reported a clinical rotation in genetics during medical school.
Smoking Treatment Practices. Nearly 84% of respondents reported that they often or always prescribe bupropion (Zyban) and/or a nicotine patch or nicotine gum for their patients who smoke. Approximately 28% reported that they often or always refer smokers to a smoking cessation program or expert, although only 22% reported having trained staff, other than physicians, available to advise patients who want to quit smoking.
Practice Setting. More than 62% of respondents worked in independent practices, as opposed to managed care organizations, hospital-based clinics, or other settings. More than half of all respondents were in practices comprised of fewer than 5 physicians, and close to 80% practiced in urban locations.
Physician Attitudes/Beliefs. Approximately 15% of respondents reported that they typically adopt new tests or procedures before their peers. About the same proportion (14%) rated themselves ''very optimistic'' that genetics will lead to significant clinical improvements in the treatment of complex traits, such as smoking. Fewer than 25% of respondents believed that genetic factors accounted for 50% or more of individual variation in smoking behavior, as compared with social and environmental factors. Only about 4% reported feeling ''very prepared'' to counsel patients considering genetic testing.
Anticipating Physician Adoption of a New Test to Tailor Smoking Treatment
Overall, respondents' average self-reported likelihood (on a scale of 0 to 100) that they would offer the new test to tailor smoking treatment to their patients, as described in the scenario, was 73.7% (standard deviation [SD], 26.6). Among respondents who received the ''genetic'' test scenario, the unadjusted mean adoption score was 69.2% (SD, 28.8), compared to 78.1% (SD, 23.5) among physicians who received the nongenetic scenario. Linear regression results estimating physicians' selfscored likelihood that they would offer the described new test to their patients are summarized in Table 3 . Those who received the ''genetic'' test scenario were significantly less likely (Po.001) to offer the test relative to those who received the scenario in which the new test was described as a ''serum protein'' test, controlling for all covariates. Specifically, as indicated by the negative parameter estimate, physicians responding to the genetic scenario were 9% less likely than those responding to the nongenetic scenario to offer the test to the patient. The regression-adjusted mean adoption score among those responding to a ''genetic'' test scenario was 73.5, versus 82.5 among those responding to the nongenetic scenario, controlling for all the above covariates (Table 4) .
With respect to our secondary hypothesis regarding the impact of physicians' personal smoking history, physicians who were current or former smokers themselves were significantly more likely to offer the new test to their patients (Po.01), with a regression-adjusted mean adoption score of 80.6, compared to 75.4 among physicians who had never smoked. Several additional factors also significantly affected physician likelihood of adoption of the new test. Physicians who routinely recommend pharmacological treatment (Po.01) and smoking cessation programs or counseling (Po.05) to their patients who smoke, those who adopt new treatments before most of their peers (Po.05), and those who judged themselves ''very optimistic'' that genetic research will lead to significant clinical improvements (Po.001) were all significantly more likely to offer a novel test to tailor smoking treatment to their patients who smoke. Finally, Hispanic physicians were significantly less likely to offer the new test to their patients, controlling for whether the test was described as ''genetic'' or nongenetic, and all other covariates, with a regression-adjusted mean adoption score of 73.2 versus 82.8 for white physicians (Po.05).
Comment
Using the case of genetic-based smoking treatment as a case study, this analysis provides the first national estimates of primary care physicians' willingness to adopt genetic versus nongenetic tests to tailor treatment decisions. Confirming our main hypothesis, our findings suggest that the mere fact that a new test to tailor smoking cessation treatment is described as Very optimistic that genetic research will lead to significant clinical improvements
Believes that 50% or more of variation in smoking behavior is due to genetics 3.6 .06
Feels very prepared to counsel patients considering a genetic test
.18
Adjusted R 2 , 0.08. Ã Given that the dependent variable (physician likelihood of adoption score) ranged from 0 to 100, parameter estimates may be interpreted as percent change. ''genetic'' poses a significant barrier to adoption among primary care physicians in the United States. If we consider a new, nongenetic test designed for the same purpose to be the standard against which a new genetic test ought to be compared, then describing a new test as ''genetic'' results in an 11% reduction in anticipated take-up rates. While the appropriate target population for any future genetic-based treatment intervention for smoking has not yet been defined, it seems reasonable to assume that daily smokers would be likely candidates for new treatment strategies. The most recent data estimate that more than 35.4 million Americans smoke cigarettes on a daily basis. 31 Based on these figures, the seemingly modest 11% reduction in physicians' self-reported take-up rates of a new genetic test to tailor smoking treatment relative to a new nongenetic test would translate into as many as 3.9 million smokers who would not be offered a promising new treatment strategy. It seems clear that primary care physicians are likely to be more deliberate and cautious when considering novel treatments or protocols that involve genetic testing. Previous studies have documented physicians' concerns regarding the potential for genetic discrimination, problematic family dynamics, confusion, or other adverse consequences resulting from genetic testing. 32 34 Failure to address the inadequacy of current privacy and anti-discrimination protections will seriously undermine any future efforts to integrate genetic testing into smoking treatment. Overall, physicians across the board were positively disposed to offering a new test to tailor smoking treatment to their patients. The average self-reported adoption rate for all respondents was approximately 74% (out of 100). Among those physicians who received the genetic test scenario, the regression-adjusted mean adoption score was 69%, despite the small proportion of physicians (4%) who reported feeling ''very prepared'' to counsel patients considering a genetic test. We interpret this as reflecting the importance primary care physicians ascribe to developing improved treatment options for smoking. These results are similar to a small pilot study that surveyed family physicians regarding their willingness to use a hypothetical commercially available genetic test to identify patients most likely to quit smoking using transdermal nicotine replacement. 35 As we had hypothesized, physicians who were current or former smokers themselves were significantly more receptive to novel treatment approaches. Physicians who routinely prescribed pharmacological treatment to their patients and who routinely referred them to a smoking cessation program or expert were also more likely to offer the new test to their patients, controlling for whether they were responding to the genetic or nongenetic version of the scenario. We hypothesize that these variables identify a group of physicians who are more focused on smoking as an important health concern and who, through personal experience or experience with their patients, have a particular appreciation for the difficulty involved in quitting. Self-described early adopters were also more likely to offer the new test to their patients. This finding supports the seminal study by Rogers on the role of individual characteristics with respect to the adoption of emergent technologies in numerous fields, including medicine. 36 We did not replicate previous research showing recent graduation from medical school to significantly affect physician adoption of. 37 Finally, physicians who identified themselves as Hispanic were significantly less likely than white physicians to offer the new test to their patients (Po.05). Differing attitudes toward the adoption of new tests and treatments-particularly new genetic tests-across physicians from different racial and ethnic communities is an area for further study.
This study has several limitations that should be noted. First, while patient scenarios or vignettes have been widely used to assess physicians' knowledge [38] [39] [40] [41] and decision making [42] [43] [44] [45] [46] [47] [48] and have been demonstrated to closely reflect physicians' actual clinical practice, [25] [26] [27] their use in predicting physicians' future behavior has not been as extensively studied. Scenarios have been used, however, to measure patients' anticipated take-up rates of potential predictive genetic tests for Alzheimer's disease according to different hypothesized test characteristics and treatment options. 49 While the use of scenarios to predict physician decision making regarding tests or treatments that may become available in the future remains an area for further study, we believe it is essential to begin trying to anticipate and identify issues likely to affect the translation of emerging genetic research into clinical practice. With respect to the representativeness of our sample, primary care physicians with a specialty of internal medicine had a lower response rate than family practice physicians. While we attempted to control for this differential response rate through statistical adjustments, there may remain some residual bias in research results.
Smoking remains the leading cause of preventable death in the United States, accounting for more than 440,000 deaths per year. 1 Thus far, efforts to prevent smoking and to help smokers quit have had mixed success, underscoring the need for broader, transdisciplinary approaches 50, 51 to understand the etiology of smoking behavior and the mechanisms of response to treatment. As emerging genetic research continues to increase our understanding of the multifactorial etiology of smoking behavior and leads to new smoking treatment strategies, it is essential that concomitant efforts address primary care physicians' knowledge of and comfort with clinical genetics. Indeed, the findings of this study regarding current barriers to primary care physicians' adopting genetic testing in the context of smoking treatment are likely to apply to other conditions as well, underscoring the need for additional support and education to prepare primary care physicians for genomic medicine, as well as the importance of broader policy concerns related to privacy and antidiscrimination protections for patients undergoing genetic testing. Several initiatives aimed at improving physicians' knowledge of genetics through the development of educational coalitions, medical school curricula, and Internet-based resources have been implemented. [52] [53] [54] Such programs have focused primarily on developments in our understanding of the genetic basis of major diseases and will need to be extended to address new and more complicated issues related to the genetics of complex behaviors, such as smoking. Additional educational opportunities in bioethics may also be useful to physicians. 55 A recent study of physician attitudes toward genetic testing for cancer susceptibility also emphasizes the importance of developing physician guidelines on genetic testing. 56 Further efforts to educate and support primary care physicians will likely prove essential to realizing potential future benefits of genetic research on tobacco dependence treatment-and indeed of genetic research more broadly-in patients' lived experience. 
